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HISTORICAL 


In connection with work on the well known drug antipyrin, Michaelis and 
Brust (9) in 1904 attempted to diasotise 3-amino~5-methyl~2-phenylpyrazole (A). 
The product isdlated was not the expected pyrazolone, but rather was a brow 
crystalline materidl melting at 109°C and according to analysis containing tuo 
‘less hydrogen than the starting material. The corresponding 4~halogen deriv 
ative was also prepared by treating 3-anin0~5-nethy]-2-pheny1-,~halogeno~ 
pyrazoles with excess halogen orinitrous acid. At this point work was dis 
continued. However, some years later, in 1913, Michaelis and Schafer (11) 
reported that 3-amino-5-methyl~2-phenylpyragole reacted vigorously with hy- 
‘drogen peroxide in acetic acid solution to form the sane product as fron the 
diasotisations The carbon, hydrogen, nitrogen anslysis and molecular weight 
determination showed this material to contain two less hydrogens than the 
starting material. When boiled in a sodium hydrosulfite solution, it was 
converted to a tautomer’ 6f the starting pyrancles When warmed with concentrated 
hydrogen halide acids, (A) gave 3-amino-i,~halogeno-5-methyl-2-phenyIpyraszole. 
From this data, Michaelis and Schafer (11) proposed the structure (I) shown 
below for this compound and called 4t asipyragoles 


(a) (x) CHy-C—— CX 


These authors also found that halogenated azipyrazoles (II) could be 
prepared by the reaction of chlorine, bromine, or bleaching powder on 3-amino- 
S~methyl-2-phenylpyrazoles (Michaelis and Schafer, 11). Furthermore, (II) 
could be prepared by treating 3~amino-i,~halogeno-5-methyl~2-phenylpyrazoles 
with nitrous acid or hydrogen peroxide. When (II) was dissolved in hydro- 
chloric or hydrobromic acid, and then treated with excess ammonia, a new prod~ 
uct, 4 ~bndthalogeno-3-imino=5~methyl~2-phenylpyrasole (III) was formed. 


A methyl homolog of asipyrazole (IV) was also prepared by treating 3- 
amino-) ,5~dimethyl~2-phenylpyragole in hydrochloric acid solution with hy 
drogen peroxide (11). It was again found as in the case of (I), that (IV) 
could be converted back to the starting pyrazole by sodium hydrosulfite or 
tin and hydrochloric acids 


STATEMENT OF THE PROBLEM 


the structures proposed by lishaelis and his co-workers for asipyrascle 
are satisfactory as far as explaining the reactions with hydrogen halides and 
redueing agents. However, other factors mush be considered that mike the 

hpi aloha tab otitis w huasiaoa 
‘formed with a double bond at the bridgehead in the bicyclic eysten. Such a 
system would be highly strained as ean be shown by the models and in addition 
would violate Bredt's Rule, Another objection to the proposed structure 
arises from the behavior of asipyrasole during eynthesis involving free 
chlorine or bromine. Normally, it would be expected that the Ogiist’ group 
would act like aniline in the presence of halogen. If this were the case, 
halogenation of the bensene ring wuld be expected, but this vas not observed, 
S The difficulty in explaining the above facts led to an attempt to | 
Prepare asipyrascle and to then study the compound and determine its true 
structure, 


DISCUSSTON 

At the start of thie work, it seemed a likely structure for azipyrazole 
was one of the meso=ionie type proposed by Baker, et, als, (2) and his co 
workers in connection with their work on sydnones. These workers were able te 
show that the physical and chemical properties of the sydnones could best be 
explained by considering the structure te be a resonanee hybrids fy sintlar 
reasoning, it was thought that the effect of oxidising agents on 3-amino~5~ 
methyl-2-phenylpyrazoles could be explained as a renoval of one hydrogen from 
the amino group and one hydrogen from the methyl group. The resulting product, 
azipyrazole, would then be stabilised by many resonance forms rather than by 
the formation of a new ring. Some of these resonance forms aret 
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group would not act Like antline, and this wuld explain the unexpected re- 
action of asipyranole with the halogens. £ 

Baker further pointed out in the work on sydnones, that a compound with 
a mesomionie type structure would have a high dipole moment. Therefore, if 
-asipyrasole was of this type structure, a high dipole moment was to be ex 

The method used for preparing asipyrasole was that of Michaelis and 
Sehafer (11) in which they ran a Thorpe reaction on acetonitrile. The condensed 
product, dlacetonitrile (¥), was treated with phenylhydrazine to give the 
diacetonitrile phenylhydracone (VI) which was then eyelised by hydrogen 
chloride gas. The eyelic hydrochloride was treated with gaseous ammonia to 
give 3~amino-S-nethyl-2-phenylpyrascle (VII). When (VII) was treated with 
30 per cent hydrogen peroxide in acetic acid solution as described by Michaelis 
and Schafer, a white erystalline solid mp. 229-230°C was obtained, but no 
asipyrasole as described by Michaelis was founds Hydrochloric acid was tried : 
in place of acetic acid as the solvent and from this was isolated ¢ trom 
material which when dissolved in ether and then allowed to evaporate, gave long 
brown needles mps 113°C. This brown solid was also obtained by treating the 
white solid with hydrochloric acid and then heating the mixture at 140°C, 

_ Furthermore, if (VII) was treated with 90 per cent hydrogen peroxide in acetic 
_ atid solution, the brown compound was once again obbeined. 

Tt was assumed that the brow compound was the azipyrasole described by 
Michaelis but in a more pure form because of the somewhat higher melting point. 
Therefore, dipole moment studies were run on a benzene solution of this com- 
pound. The results obtained gave a dipole moment of .86 Debye units, a very 
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low value indeed, and indicated that the compound was not of the meso-ionic 
type described by Baker to have a high dipole moment. 

However, to further test this conclusion, Kuhn-Roth C-Methyl values were 
determined using the procedure described by Eisenbraun, et. al., (4). If the 
asipyrascle was of the meso~ionie type, the C-Hethyl value would be low since 
the methyl group is involved in the resonance forms. However, the values 
obtained were very nearly one, indicating the presence of one methyl group. 


Table 1, CeMethyl and Molecular Weight Date 
—oaoaoaoaoOoaoaoaoaoaooaoaoaoaoaoaoaoaoaoaeaeeeeeeeeeeeeeeeeee—————eeeeel=Sel ll 
: $ 3 z 
: Amount Used in + ce | : 
t Determination +: C-Methyl +: Sumber of +: Molecular 
Compound 3 (in mgs) .# Number ' CH3 Groups , Weight 
; cae | 
= ee ieee 
compound e 
(mp. 113 ¢) 1769 0963 1 
white 17h 1466 2 
Mei le? 2 388.8 
(mp. 229-230 ¢) 1767 167 2 
3-amino-5= 1964 1.03 1 
nethy1-2- 1609 1.05 i 
phenylpyrazole 


From this date, it was concluded that the brow material was not of the 
meso~ionic type structure. 

An infra red spectrum of this brown compound was taken and the following 
bands were foundt one each at 26964. and 3015 characteristic of the Kai 
stretching of an amide, one at 5495 4 characteristic of the carbonyl of an 
amide, one at 64164 /, characteristic of 2 conjugated carbon-barbon double bond, 
& band at 6.22 4 assigned characteristic of an azo linkage, ono each at 6.83. 


and 13.06 A. which were not at onee assigned, one at 11,93 characteristic of 
a RyRzC=CHR; type carbon-carbon double bond and the other bands normally 
expected for carbon-hydrogen, aromatic carbon-carbon and carbon-hydrogen, and 
carbon-nitrogens Significantly, bands at 6480 and 10.70 were absent which 
according to Rondestvealt and Chang (16) were characteristic of the pyragole 
A carbon, hydrogen, nitrogen analysis was obtained and indicated an 
empirical formula of Cjolj1"40g. The molecular weight determined by the Rost 
method to be 188, which is in fair agreement with this formula (theoretically 
would be 205). (Table 1), One of the two oxygens would be accounted for by an 
amide groupes The other oxygen could not be involved as an alechol, ketone or 
aldehyde since there were no infra red bands found for these groups, A 
» posatbility was that the oxygen was involved in an if—6 group because it was 
‘ferned ty: reavtion With hydrogen perexide in sectie acids Th will be recalled 
that pyridine-l-oxides are prepared with hydrogen peroxide in acetic acid 
(Cehiai, 14). | 

5. was tend Shek nk bilbns. oul Sitbanetbleethe onitlabis Seamed Ue 
H—5 type of band. A calculation was made by Dry Basil Curnutte of the 
Physics Department at Kansas State College on the vibration of pyridine=i- 
exide, and he predicted bands for the ii— 0 group at 1500 200em."2 (6467 4. = 
7+69r)y 700 + 100cms"1265,4 = U6s7.) and 500 + 500m." (18,2 = 22634) 
This was tested experimentally with pyridine-N-oxide obtained frem Reilly Tar 
and Chemical Company and bands at 606344 12.91 and 18.9 were found which 
were not in the pyridine spectrum. The spectra of additional N-oxides were 
examined and the results are shown in Table 2. 


Table 2. Infrared Absorption Bands 
hes | 
: Band observed not in compound 
Compound ' corresponding 
: 
pyridine-l-oxide 6082 x Gu Wa 
2~picoline-ti~oxide 6083 
4=pleoline-N-oxlde 6087 
2,6-lutidine--oxide 6087 
asoxybensene 6077 12099 19613 


Prom these data, it seemed quite certain that the bands at 6.03,, and 13006 ~ 
in the brown compound could be attributed to the N—O group. 
This evidence is compatible with two possible structures for the brown 


compound, (VIII) and (VIII Ae 
O) 
¥ Sou 3 tae mur 


at | gn IST 
(vrrr) | (vrrx A) 


It seemed reasonable to consider the oxygen on the ~ «nitrogen atom 
because the compound ws vinylogous to benseneasoformamide, for which Angeli (1) 
reported the << <oxide structure. iis evidence, however, is actually not 
decisive since it ws based on the observed deactivation of the ring towards 


chlerination, The if ~ O structure should be strongly deactivating also, 
‘at ne comparison was made with the rate of chlorination of bensenessoformmixides 
: ‘The < ~oxlde structure agsigned here, however, wis based on both ultra 
violet and infra red spectral studies. The maxim for the near ultra violet 
band of the amide (XII) occurred at 25imy while that for the amide-l~oxide 
vas at 2himu. . ‘This shift to shorter wave length indiested the less sonjuga~ 
‘tion of the bensene ring in the latter compound, which is te be expected fron 
an <soxide. The reoonance in the anide involving the bensene ring, 


(Pr naac.cean doy 
Clty ts | 
(xIr) 


would be greatly lessened by ah exide fwetion on the x wadtivogeny: shoe’ the 
caygen would compete with the bensene ring to supply electrons to the carbonyl 
Groups Note that it cannot supply electrons to the ring iteslt, 


Oercartn, 
(VIII) | 


The oxide function at the G ~wttrogen, however, should have the opposite 
ray ass St sa conven with th beam sine, rot wld mot Antrtee 
with the amide-benzene ring conjugation, 
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Therefore, with this structure a shift towards longer wave lengths would be 
expected. ci | As 
The infrared spectrun of 3+(bensensascxy)=crotonanide contained the 
FO band at 6.83, 5 a8 compared te 64777, for ascuybensenes Since this is 
the stretching vibration, it was obvious that the band is somevimt stronger 
in the azoxybensene. If (VIII) was of the @ -axlde structure, it would be 
expected that the band would be very nearly the same as in azoxybenszone and of 
similar strength, because the — 0 bands would be the same type of hybrids 


To be weaker requires that the crotonanide structure was a poorer electron 
has relatively low conjugating power, and therefore this spectrum was consider~ 
ed to support the o( -oxide structure. 


Oe nela. 


4, 


Attention was next turned to the white compound which certainly was not 
asipyrasole from consideration of melting point alone, but appeared to be an 
intermediate product in the formation of (X). The Kuhn-Roth C-Methyl number 
was determined for the white compound, and the resulte indicated two methyl 
groups (Table 1), Carbon, hydrogen, nitrogen analysis indicated an empirical 
formila of CgoHtyelisQ, which was in agreement with the molecular weight deter~ 
mination of 338+@ (Theoretical 361) (Table 1). An infrared spectrum showed 
the following bands: one at 2605, characteristic of the N~ i stretching of 
& secondary amine, one each at 6082 4 and 10.70, characteristic of the 
pyrasole ring (Rondestvealt and Chang, 16) bands at 6485. and 1293 4 char~ 
acteristic of the i— © group (see pages 9-13), and the expected carbon- 
hydrogen, carbon-carbon, and earbon=nitrogen bands, Notably, there were no 
bands at 6461645 6028, and 114937 a8 with compound (VIII), 

Prom a consideration of this data, it appeared that the white compound 
was the result of a condensation between tre molecules of the starting anino 
pyragole with the loss of one nitrogen atoms The infrared bands at 6462 2. and 
10-70 « further indicated that the pyrasole rings remained intact in this 
condensation. In order to lose one nitrogen and retain the ring structure, 
the condensation must have occurred thru the amine nitrogen, Therefore, the 
structure (IX) was assigned te the white compound, 
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This compound easily reacted with hydrogen chloride te form a white solid 
salts Heating of this, either dry or in aqueous solution gave (VIII). Consid~ 
eration of the mechaniem of this reaction (page 22) led to a working hypothesis 
that (IX) would probably split te form an ago nitrile (x). The aso nitrile Ni 
cudde (VIII) then would result from hydrolysis and oxidation of thie nitrile. 


(_)ami-gec H—-C=N 
By 


(x) 


A convenient way to check such a aystem appeared to be thru the related 
ester viich has been described by Bender (3) and Nef (13). In the procedure 
described by Nef, ethyl aceto acetate phonyltydrasone we treated with mercuric 
oxide to obtain the desired compound phenyl~?~anoethyl crotonate. It was noted 
that (x) resembled the phenyl~(~asosthyl erotonate in structure and it wo 
decided that this method of Nef might be used with dlacetonitrile phenyl- 
hydrazene (VI) to obtain (x). When the product from this reaction was isolated, 
it was found to be a light brow solid melting at 105~107°C. This we then 
purified by sublimation under high vacuum at 60°C, and a white crystalline 
material was obtained melting at 109°C. Prom infrered spectrum the following 
bands were obtained: one at Aeh5,, characteristic of the nitrile group, one 
at 6020 1 characteristic of a conjugated carbon-carbon double bond, a band at 
6o25 1x characteristic of an azo nitrogen-nitrogen group, and the other expected 
bands for carbon-hydrogeny carbon-nitrogen and carbon-carbon. Significantly, 
ne Mend ware found in the ¥ ~ region for amines or anides, at 669 oF 10sJx. 


% 


for the pyrascle ring or at 6e03,. and 12,94 for the ¥—0 group. From this 
information, it was decided that this white compound had the structure (Z) and 
that it was probably asipyrazcle. 

Tt was noted previously that (VIII) and (IX) were probably intermediates 
in the formation of azipyrazole. Furthermore, it was also found that (VIII) 
could be formed from (IX). Tt now seemed desirable to show that (VIII) could 
be converted to the asipyrasole (X)» Ochiai (14) had used phosphorous 
trichloride in chloroform as the agent to reduce pyridine-l-oxides to the 
parent pyridines. In this reaction the oxygen was taken up by the phosphorous 
trichloride to form phosphorous oxychloride and it ws thought that this 
oxychloride might react further with (VIII) te dehydrate the anide group to 
the necessary nitrile. When this reaction was run on (VIII) a light browm 
eolid was obtained, This solid was sublimed and a white crystalline solid was 
obtained melting at 109°C. Tis was proven identical to (x) by mixed melting 
point (108-109°C). 2 

It was now felt that (Xx) was the correct structure for the azipyrazole. 
But in order to prove this beyond doubt, another method of synthesis was pro~ 
posed which was independent of the method used by Michaelis (9). It had been 
shown that 3-(benseneasoxy)-crotonamide (VIII) could be converted to asipyra~ 
wole (X) and it therefore seemed probable that 3=(benseneate)<crotonamide could 
_ be dehydrated to (ZX). 

Ones again the method of Nef (13) was used to prepare ethyl 3-(benzeneazo)= 
erotonate (XI), This ester ws then converted to the 3~(benzeneaso), croten- 
amide (XII) by means of Liquid ammonias When (XII) was treated with phosphorous 
pentoxide, a brown solid ws isolated which after sublimation gave a white 
crystalline solid melting at 109°C and gave a mixed melting point of 109°¢ 
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with (X). 

ty veléte the exten S-aidia EFIZE) fs tntependenh mehted tor making 
azipyrasole, (XII) was treated with monoperphthalic acid, (Bohme, 4) in ether 
by mixed melting point (113°C). 

Ag @ result of the foregoing work, a formula for azipyrasole was deter- 
mined that fitted the analytical data found by Michaelis. It was then 
necessary to show that this new formula could also fit the reactions with the 
hydrogen halides and sodium hydrosulfite. Concentrated hydrogen bromide was 
warmed with asipyragole and a white solid isolated which melted at 105°C and 
had a mixed melting point of €3-99°C with the starting azipyrazcle. This same 
reaction was carried out using concentrated hydrogen iodide and a white solid 
was obtained melting at 75°C. Both of these products agree with the products 
obtained by Michaelis. This reaction is novel in that it illustrates a new 
method for closing the pyrazole rings The following mechanism has been 
meee tue che sting eibeney ; 
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_ Conversion 0: ox ipyrazole to the J~imino~S-nethyl-2-phenylpyrazele by 
sodiun hydrosulfite may also be explained by this structure for asipyrascls. 
‘Tale reagent Le know to reduse axe Linkage to hydraso derivatives and then 
PA Tink Wd Heer te a ee titan aiiala 


Onn e=ch-cmn 
CH, 


We S2 O+%. 


y 
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CH-C==C-H CHe an 


During the early part of this work, it wae thought that the dimethyl 
azipyracole might be easier to prepare. ‘The first step wis to prepare dinceto- 
fodide as described by Mohr (12)4 After the lnethyldlacetonttrile was isolated, 
it was treated with phenylhydrasine bee and the lenethyldlacstonitrile phery]~ 
hydrasone was isolated. Thie phenylhydrazone was then cyclized with gaseous 
hydrogen chloride and the resulting hydrochloride was treated with 90 per cont 
hydrogen peroxide. A oolid was isolated from this oxidising mixture but ws 
not investigated any further, as attention became focused at this time on the 
monemethyl compounds. A | 

It has been show how the new formula for azipyrasole fitted the analysis 
and reactions given by Hichaelis. However, in this wrk, two new compounds — 
were found when the method of exidation deseribed by Michaelis we attenpted. 
Sinee they were the enly products formed, it was important to understand how _ 
their formation cane about and the following mechanion is suggested. The first 
step is the formation of an N~oxide of the starting aminopyrazcole. This was 
logical in that it wae similar to the preparation of pyridine N-oxides. The 
oxygen forms a bond probably with the lenitrogen due to ite greater basielty. 


OT oie 


mo ~NH2 i 
CH-C——-C-H CH a 


result that the amino nitrogen becomes more neg:iive and this could then add 
to a molecule of the imino pyrazole. 


4 eh! YY 


ae Nei Ge ge ir NH, a ak j —NH- 5 Ae ~~ 
CH ewe CH-C——C ay A ee CeCe Cap tee he 


Mais product as then further attacked by hydrogen peroxide to cive 6 
second Y-oxide function and the produet (IX) vas formed. 


ye tea 
Cec CH H-C—— C- eg OO a Cares Ly H- C—— ~CH,; 


(Tx) 


Two routes were noted for the formation of (VIII). One route was from 
(IX) whieh could under acid conditions exist in equilibrium with (XIIT) and 
(xIv). 


(XIV) could lose a proton and then gain one on the Of grouping. 


However, the reaction would not stop here, but reacted further with 
hydrogen peroxide to form an amides The mechani: for this reaction was know 
and was used here (Wiberg, 20). 


Tue R0Bu, Sai +O, +H” 


| + OH” 


* From H209, which in turn may be formed by the reaction of (XIII) and 
water. 


Pinally, this amide was oxidised by hydrogen peroxide to form (VIII). 


oe 


roe 
uo —NHo wera tt 
CHpC—==C-H Ch 
(VIII) 


An alternate route for the formation of (VIII) involved the N-oxide of 
the starting imino pyrazole. In this mechanism the oxygen is on the 2- 
nitrogen. A proten is transferred from the imino group te the oxygen leaving 
the imino nitrogen with a negative charge. 
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‘The pair of electrons from the imino nitrogen would shift and the ring 
band would break to form (XV). 


} 
CHC CH CH-C——C-H 
tH 
aw) 


(XV) would then lese a proton and a hydroxyl ion, and by the shifting of 
electrons form (x). This would then react as before to form (VIII). 


EXPERIMENTAL 
Diacetonitrile (rz) 


Sodium send was prepared by melting 77 gus. of sodium in xylene and 
shaking the molten sodium vigorously. Sthar the wilens said domebel. wed ri 
placed with dry bensene, 205 gs. (5.0 moles) of acetonitrile was added drop- 
wise with stirring over a period of two hours. The temperature (inside the 
reaction flask) was maintained below 30°C for best yields. The reaction 
mixture steod for 24 hours and was then refluxed for two hours. Water was 
added to destroy any unreacted sodium, after which the bensene layer was 
decanted and distilled off leaving  reddish-brow ofl. A three volune excess 
of benzene was added along with one volume of Skelly B, and on cooling with 
~ seratehing a yellow solid formed melting at 52-53°C. Literature mp. 52-53°C 
(Holtawart, @). Yields 6447 gus» (16 per cent). 

Diacetonitrile Phenylhydrasone (VI) 
Sixty-four and seven tenths gus. (.789 moles) of (V) was mixed with 
8502 gmse (2789 moles) of phenylhydrasine base in a mortar and while grinding, 
147 mle of 30 per cont acetic acid ws slowly added. The solid was filtered, 
and after recrystallisation from ethanol, melted at 93-95°Ce Literature mp. 

97°C (Burns, 5). Yields 67 gnse (6306 per cont). 


3nAmino~5<Methyl~2-Phenylpyrazole (vr) 


Eighty seven gre. (.50 moles) of (VI) was dissolved in 250 ml. of absolute 
ethanol, and gaseous hydrogen chloride was bubbled in until saturated. The 
mixture was cooled, filtered and the solid dissolved in water. Caseous ammonia 
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‘was bubbled until saturated and the white solid filtered, Melting point of — 
(WII): a-11A°C. Literatures 1fel1é6'C (Walther, 28)4 Yield: 65s guoe 
(7501 per cont). | 


3,3" Ble~( 5-Methyl~2-Phenylpyreole)=tsine-1,1%~Diexide (IX) 


Five gnse (4029 moles) of (VII) was dissolved in a 50 per cont water= 
acetic acid solution, Three nls of hydrogen peraxide was added and the solution 
was heatede A yellow crystalline solid precipitated, was filtered and recrys- 
tallised from a pyridine-+mter solution giving a white crystalline solid nelt~ 
ing at 229-230°C. Yield: 3057 gnse (3308 per cent). Anale calculated for 
 GagflygMgOg? Cy Gbeh8s My 50267 My 1963%> Found: Cy 6647; Hy 5030f Ny 19038, 


3~(Benseneaso )=Crotonanide-l=Cxtde (YIIT) 


Hydrochloric acid wis added to a onal portion of (IX) and a white ly~ 
drochloride separated mps 17@=180°C. This was heated at 160°C and the red ofl 
left was recrystallised from dilute aloohol, giving a brown solid mps 113°C. 

Five gnse (4029 moles) of (VIX) was dissolved in 35 mle of concentrated 
hydrochloric seid and 3 tls of 30 por cent hydrogen peroxide was added. The 
solution was evaporated to a red ofl in s steam cone and the red ofl reerye- 
tallised from dilute aleohol, giving a brown solid melting at 113'C. Addi- 
tional, product was obtained by extracting the dilute alechol solution with 
ether and evaporating off the ethers Yield: 2437 guss (37.9 per cent). 

Anals caleulated for CyoliyM40o? Cy 58053; Ny 5ehOf My 2005» Pounds Cy 52422; 
Hy Seh2e Ny 19sBe 

the sal desapalieak Wiis ann ald vc ten denied 

cent hydrogen peroxide in glacial acetic acid solution. The solution was 
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evaporated to a red oll on a steam cone and extracted with ethers When the 
ether was evaporated off, (VEIZ) was obtained melting at 113°C. Mixed melting 
point with above was 113° proving the two were identical. 


3-{Senaeneaso )-Crotenttrite (Azipyrazole) (x) 


The procedure of Nef (13) was used. One gue (0057 moles) of disceto~ 
‘nitrile phenyliydrazone was dissolved in 35 nl. of absolute slochols Two 
gs. (.0092 moles) of yellow merourie oxide was added and the mixture reflued 
for an hour. The free nereury was filtered off and most of the alechol 
distilled off. Water was added and the mixture was extracted with ether which 
was distilled off leaving a red oils This red ofl was washed three tines with 
Skelly B and then with ether and the ether evaporated off. From this ether 
extract was obtained a light brown solid nelting at 105-107°C. This was 
sublimed under high vacuum (0.1 mms) at €0-85°C giving a white crystalline 
solid melting at 109°C. Literature melting point 109°C (Michaelis and Schafer, 
ll)e Yield: 0.2 gm (2663 per cent)» Anale ealeulated for CyoligNs: By 2he5Se 
Found: Wy 2he226 | : 3 

Conversion of (VIII) to (x) : 

The procedure of Ochiai (14) for renoval of the oxygen from pyridine-ti~ 
oxides was wsede Four hundredths guss (40002 moles) of (VIII) was dissolved 
An 15 mls of fee cold chloroferny 405 nly of phosphorous trichloride was added 
and the mixture refluxed for one hour at 70=80°C. The solution was cooled, 
25 ml. of water added, made alkaline with aqueous sodium hydroxide and extracted — 
with chloroform. This extract was dried with anhydrous sodium sulfate and the 
chloroform was evaporated under vacuum over gulfuric acid. A light brown solid 


was recovered witch gave a white crystalline matertal ven oublined under 
‘vacuum, melting at 109°C. This was proven idertteal with (1) by mined nelt~ 
ing point (108-109"¢). Yield: 0,01 gass (30 por cont). 


Bthyl Acetoacetate Phenylhydrascne 


The provedure of Het (23) was weeds Twenty-aix gnse (0.2 voles) of ethyl 
acetoacetate was dissolved in a three wline excess of ether with eooling in 
an dee bathe Twenty-one and six tenths gus. (0.2 moles) of phenylhydrazone 
base was added and then the ether evaporated under vacuum over sulfuric acid. 

An ofly red solid was isolated vhich turned Light brow on drying and melted 
at 50°C. Habersinre salting poled 2078 (nie, 33). Yield: 18.2 gos (41.5 
per cent). 


‘{Peamnnas ty) Grotenate (XI) 


: Wine and one tenths guts («0h2 miles): of ethyl sestoacstate phety]~ 

_hydrazone was treated with 12,96 gee (061 moles) of yellow merouric oxides 
7 A red solid melting at 50°C was teolateds Lane neha toe 6 tht 
13). Yield: Ot nee GO eee | 


Bight hundredths ges. (40003, moles) of (XI) was dissolved in absolute 
ethanol in a Carius tube. ‘Gaseous annonia was passed into the tube which was 
cooled in an acetone~dry ice mixture and the tube was sealed and heated at 
110 ¢ for ten hours. The solution was allowed to evaporate leaving a black _ 
crystalline solid melting at 7, Ce Yield: 0.06 gms. (Glel per cant)» Anals 
“@aleulated for CyoljiMs0r Ny 22.22, Found: N, 216926 : 
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Dehydration of (XII) to (x) 

A mall portion of (XII) was dissolved in beneene and a 1.5 mole excess 
(Of phosphorous pentoxide was addeds The mixture was refluxed for thirty 
imites, cooled, and the bensene solution filtered off and evaporated under 
vacuum over sulfuric acid, The eolid obtained wae sublined and a white solid 
melting at 109°C was isolated. Wixed melting point with (x) showed then to be 

The method ef Bohne (4) was useds Fifty mls of 15 per cont sodium hy= 
dracide was cooled to =10'¢ in a three-necked flask and 21 nl. of thirty — 
per cent hydrogen peroxide at ~10°C was added with rapid stirrings The mixture 
was recooled to ~10'C and 15 gms of finely powlered phthalic anhydride was 
added in one portion. Whhon the anhydride had dissolved, 50 mls of 20 per cont 
sulfuric ectd cooled to <10°C was addede ‘This solution we filtered through 
elass wool inte a separating funnel and extracted once with 100 ml. of ether 
and three times with $0 ml, portions of ether. The ether extracts were 
combined and washed with three 30 mls portions of 40 per cent amoniun sulfates 
The ether solution wis dried 2, hours ever 10 gua. of anhydrous sodiun sulfate, 
Cunerarahion of semnpepitialte ald wie 3 = 17? onten in 0 a25 of ether 


Preparation of (VIII) from (xIz) 


Pive ml. of the ether solution of monoperphthalie acid was added to 0.0%, 
gee (400021 moles) of (XI) and the mixture stood for two days. The phthalic 
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acid was neutralised with sodium hydrogen carbonate and the solution extracted 
with ethers The ether was dried over anhydrous sodium sulfate and evaporated . 
in a yacwm over sulfuric acid leaving @ brow selid melting at 113°C. This 

was shown to be identical with (VIII) by mined melting point (113°C). Yields 

sO ge (2303 per cont). age 


The general method of Ochial (14) ms used. Forty gms» (0.43 moles) of 
apleoline, 150 mls of glacial acetic seid, and 25 nls of 30 per cent hydrogen : 
perexide was heated at 70-00°C for three hours, after which 18 als more of 30 
par cent hydrogen peroxide ws added and the mixture heated for 16 hours nore 
at 92°Cs The solution was cooled, the acetic acid was neutralized with 
ee The benzene was 
The Qu~pleoline-t~oxide boiled at W2-10h'C at 7o5-dums Literature 123-124"C 
at 15am. Yields AF we (5005 pe ou 


- Dasetonttrile was prepared as deseribed previously. ‘The method of Mohr 
was then used to methylate the diacetonitrile (\iberg,20). 205 guise (49 moles) 
of acetonitrile was used in the Thorpe reaction. The reaction mixture was 
refluxed for two hours and 22506 gnse (105€ moles) of methyl iodide wo added 
over a period of one hour, The reaction mixture steod for three hours after 
which 1t was refluxed for one and one-half hours and then filtered while hot. 
"Yellow neodles precipitated from the bengene solution on cooling which melted 
at 105°C, These were purified by dissolving in water, extracting with other, 
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and renoving the ether to give brow needles melting at 125°C. Additional 
products were obtained by concentrating the bensene solutions Yields: 38.7 
gms, (8e2 por cent). Literature melting point 122-125C (Wiberg, 20). 


: Pive gus (.052 moles) of 2-methyl~}~imino butyronitrile was treated with 

an acetic acid solution of 5062 guts (+052 moles) phenylhydrazone base and the 
solution concentrated. The solid we filtered and dried. Melting point 93- 
% Co Yields $49 gras (6145 por eant), 


Jaiminom, » 


Seventy-three hundredths guas (0037 moles) of Senathy] butyrenitrile-3- : 
pherylhydragone was dissolved in absolute alechol and gaseous hytrogen chloride 
was bubbled in until saturated. Piltered the solid hydrochJoride, Yields 32 
ons. (3748 per cont). - 


A small portion of 3~(bensensaso)=cretonitrile (asipyrazole) was treated 
with 48 per cent hydrobromic acid and warmed. The solution vas saturated with 
alkali and extracted with ether and the ether removed leaving a white solid 
malting at 105°C. Literature melting point 10645°C (Htichaelis, 9). Vikxed 
nelting point with starting asipyrascle €~79°C. 


--Suimino~l,<Iodo-S-Methyl-2-Phenylpyrasole 


The same procedure was used as with the bromo compound. Melting point of 
the product isolated, 75 Ce Literature melting point 75°C (Michaelis, 9)+ 


General Procedure for Kuhr-Roth C-Methyl Numbers 


The oxidising solution was prepared by adding 25 ml. of sulfuric acid 
(spe gre leh) to @ solution Of 16.8 gus. chromic anhydride (Gr03) in 100 mls 
of distilled waters Exactly 5 mls of this eclutdon was added to the sanpiles 
(20-20 mgs, see Table 2) and the reaction mixture was refluced fron a cold 
finger for one and five tenths hours at 190°C. ‘The solution was cooled, the 
cold finger replaced by a still head and the acetic acid was steam distilled, — 
50 mle of the distillate being collected. The distillate was treated with 
100 sadn tecttn:to to pagan sod puta The results are in 
Table 1. 


The Rast method was used. ‘The depression constant of the camphor used ws 
found to be 326. A Thiele tube and ordinary thermometer were employed for 
determining the melting pointe. The results can be found in Table 1. 

The standing microave technique (liaugen, 7, and Von Sippel, 17) was 
monont was caloulated from this and the calculated molar refraction (Weiss~ 
berger, 19). The value obtained was 086 Debye unites 

All infrared spectra was run on a Perkin-Elmer Model 12 single beam, 


double pass spectrometer. A galt prism was exployed for the general spectra 
and a lithium fluoride priem was used in observing the amide and amine N<ti 


IBS 
3 the’ UF epectra noted ware taken on i Boclounn Model D0 Quarte Spectro 
photonsters eS 


Asipyrasole was described in the early part of this century by Michaelis 
and his comrkere as a structure proposed. Various reactions were run en 
this compound and the results fitted to the proposed structure. However, in 
the Light of present day chemteal knowledge, the resulte noted by Michaelis 
cannot be explained using his proposed structure. 

Numerous attenpte were made to propare azipyrascle using the nethod 
described by Michaelise However, all these attempts gave two compounds (VIII) 
and (1X) both ef vhich contained two oxygen utomas ‘The structures of these 
compounds were determined and shown to be related to asipyrazole, by converting 
(1x) to (VEIT) and then (VEIT) te the azipyrasslie.s A compound vhich appeared 
to be asipyrasole was propared by the reaction of yellow merourie exide with 
diacetonitrile phenylhydrasone (VII), and by converting phenyl~f-es0 ethyl 
erotenate (XI) to the corresponding amide (XII), followed by dehydration with 
phosphorous pentoxide. Purthernors (XIT) was tied in with the related compounds 
converting it to (VIII) with monoperphthalic acids 

From this data, the correct structure of azipyrazcle was shown to be 3~ 
(vensencaso)merctonitrile (Ze, 


the author wishes to thai Dey lout De Eiewoeth of the Departaact of 
Physics for his aid in determining the dielectric constant and dipole nonent, 
Dre Basil Curnutte for his caleulatdons of the vibrational spectra bands of 
pyridene-l-oxide and his aid in interrupting the infra apectra taken, and Drs 
cohumpusiepenesanitlne +. ctare aacescamam ema 
every way during this projects 
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The oxidation of 2-ary1-3-aminopyrasoles with the loss of two hydrogens 
. and the formation of a peculiar 3-4 fused bicyclic system (I) ws reported by 
Michaelis and his co-workers to be rather general. 


“The penerel sane asipyrascle was appliod to twee compounds, and the mane 
iteclf was applied to the compound with Ar= phenyl, Rj—nethyl and R= hydrogens 
The internal strain of such a aysten, however, seems prohibitive, and therefore 
reinvestigation of the structure was undertaken. 

The preparation of aaipyrasole most recommended by Michaelis and co- 
workers failed to sn earn Mates gins Caerwrtetee nF 
dioxide (II). 


ee 


oe NH— Ps age 
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Heating the hydrochloride of this gave a compound with physical properties 
very similar to those reported for asipyrazcle, but the analysis and infrared 
Ce ee en eee eee, 
erotonamide (III). 


(pe georgan 
OR © 

The assigment of the N-oxide structure was initially based on infrared 
studies of known N~oxides of different types, This resulted in the establish- 
ment of certain infrared absorption bands for the i—— 0 band, which will be 
of general use in future identifications of such compounds, | 

The formation of asipyragole was accomplished by standard reactions: 
nanely, renoval of the oxygen with phosphorous trichloride followed by de~ 
hydration with the phosphorous oxyshloride forned. It had the melting point 


ERP Te RON Oe Me re eer Wat whciralo Wars: th naree- 
nent with the 3-{benseneaso)-crotonttrile (Iv). 


( \ en S== CH C=N 
Ho 


The structure was verified ky an independent gynthesis. A closely related 
compound, ebhyl~J-benseneaze erotenate, wie now to be formed by the oxidation 
of athyl acetoacetate phenylhydrasone with mercuric oxides Its preparation we 
repeated and it ws found to be converted to the axide (V) by amonolysiss 


moe oS 
(\- es NH, 


tana of ths anda with nope aad ee the nite 
mee gave azipyrascle. A stgtchet reste 
O> eatayiennte wan Sema ty: Aeetnest Wf elacetenitete sheep) si 
echarians for the formation of bensazo erotont sik dedeieandeiits dives 
axizopyrascles were discussed, An explanation for the easy formation of | 
i eaolee by evelisations of the 3-(bensenease)~< at 


